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Protection against actinic damage constitutes
one of the important fimctions of the epidermis.
Among the epidermal constituents which absorb
the energy of light are keratin, melanoprotein
in the form of melanin granules, nucleic acids,
lipids, carotenes and porphyrins (1). Until re-
cently, melanin and the stratum corneum have
been the focus of study as photoprotective
agents. With the demonstration that the surface
of the skin and the epidermis contain large
amounts of a water soluble, ultraviolet-absorbing
material, interest developed in identifying this
compound and elucidating its role in the vital
functions of the skin (2).
Spier (3) reported the presence of a com-
pound resembling UCA in stratum corneum,
and Zenisek (4) found this compound in sweat.
Tabachnic (5) reported that there were large
amounts of TJCA in guinea pig epidermis, and
Everett and co-workers (6) confirmed this and
showed that UCA was present in human epi-
dermis as well. In these investigations the evi-
dence that UCA occurs in mammalian skin was
based on paper chromatography data, absorp-
tion spectra and staining reactions. Baden and
Pathak (7) reported the isolation and crystalli-
zation of this compound from guinea pig epi-
dermis and established its identity by melting
point determination and infrared and ultraviolet
absorption spectra.
The purpose of this report is to describe the
factors responsible for the accumulation of IJCA
in the epidermis, and to elucidate its role in epi-
dermal metabolism.
EXPERIMENTALI
Materials
L-histidine-C14 (UL) was purchased from New
England Nuclear Corporation, and UCA (at least
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95% trans) and Pseudomonas fluorescens powder
from the California Biochemical Corporation. The
animals used were adult (400—500 gm) white-
haired "albino" guinea pigs and hairless mice (hr,
Jackson Memorial Breeding Laboratory). The
hair was removed from the guinea pigs with epilat-
ing wax 24 hours before they were to be used. The
slices of skin needed for the in vitro experiments
were cut with a Stadie Riggs microtome (8) and
the specimens contained the epidermis and a thin
layer of dermis.
tJCA Determination
Methods
The tissue was homogenized at 00 C in .25 M
perchioric acid and the supernatent separated by
centrifugation. The precipitate was washed two
additional times and the supernatants combined.
An aliquot of the acid extract was neutralized with
1 N potassium hydroxide at 00 C and the suspen-
sion clarified by centrifugation. The supernatant
was put on a Dowex-1 formate column, washed
with .001 N hydrochloric acid and the UCA eluted
with .01 N hydrochloric acid. UCA was estimated
by reading the absorbancy of the eluates at 267
m and applying the factor 128 O.D. units equal 1
mg.
Assay of Hi.stidase and Urocanase
Histidase activity was determined by measuring
the increase in optical density per minute at 277
m in .01 M pyrophosphate buffer (p119) with
.0033 M histicline (9), while urocanase activity was
assayed in 0.2 M phosphate buffer at p11 7.4 with
.033 mM UCA (10). One unit of enzyme activity
results in a change in optical density of .001 per
minute.
Preparation of Radioactive UCA
Two gm of epidermis were separated from
guinea pig skin by stretching and scraping (11).
The tissue was homogenized in 10 ml of .02 M
phosphate buffer in a Kontes glass homogenizer
and a supernatant obtained by centrifugation at
100,000 X g for two hours. The supernatant was
adjusted to pH 5 with 1 N acetic acid, and the
resulting suspension clarified by centrifugation.
The enzyme which remained in solution was
dialyzed against .01 M pyrophosphate buffer at
pH 9, and then incubated with 10 c of labelled
histidine at 370 C for two hours. The reaction was
stopped by the addition of perchloric acid to a
final concentration of .25 M, and the labelled UCA
isolated by ion exchange chromatography follow-
ing neutralization with potassium hydroxide. Only
one radioactive spot was found in autoradiographs
of chromatograms of the purified material done
in several solvent systems described earlier (7).
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Metabolism of Histidine by Guinea Pig
Epidermis
Five slices of guinea pig skin (1.9 cm in diam-
eter) were incubated in 3 ml of Krebs'-Ringer
phosphate with 2 c (4 X 106 cpm) of C14-histidine
at 37° C with constant shaking under aerobic con-
ditions for 60 and 120 minutes. The reaction was
stopped by rapid cooling and the epidermis was
isolated with fine forceps after heating the skin
to 50° C for one minute. The tissue was homog-
enized in 25 M perchloric acid and the suspen-
sion centrifuged. The protein precipitates were
washed once with .25 M perchloric acid and the
supernatants combined. The precipitates were fur-
ther treated with hot 10% perchloric acid, and
then with absolute ethanol and ether (11). The
total radioactivity in the protein precipitate was
measured by the combustion technic (12). The
amount of radioactive UCA formed in the epi-
dermis was determined by isolating the labelled
compound from an aliquot of the .25 M perchloric
acid extract by ion exchange chromatography as
described above and counting the eluate in a
scintillation counter (13).
Epidermal Metabolism of UCA
Five slices of guinea pig skin (1.9 cm in diam-
eter) were also incubated with 25 zc of C14 UCA
in 3 ml of Krebs'-Ringer phosphate for 2 hours at
37° C. The reaction mixture and tissue were ho-
mogenized at 0° C and perchloric acid added to a
final concentration of 25 M. The homogenate was
clarified by centrifugation, the precipitate washed
two additional times with .25 M perchloric acid
and the supernatants combined. An aliquot of the
25 M acid extract was neutralized with potassium
hydroxide, concentrated in a rotary evaporator
and spotted on 1 Whatman paper to which
carrier UCA had been added. The radioactive
spots were identified by cutting the papers and
counting the pieces in a liquid scintillation counter
(13). The labelled UCA remaining after incuba-
tion was estimated by isolating the compound
from a second aliquot of the 25 M perchloric acid
extract using column chromatography and counted
as described above.
Five skin slices (1.9 cm in diameter) were in-
cubated with .25 itc of uniformly labelled UCA at
37° C in Krebs'-Ringer phosphate with constant
shaking. The reaction was carried out in sealed
Warburg flasks with a paper strip saturated with 1
N sodium hydroxide in the center well. The in-
cubation was stopped at the end of 2 hours by the
addition of 1 N sulfuric acid from a side arm. The
evolved CO2 was estimated by counting the paper
in a liquid scintillation counter (14).
Effect of Ultraviolet Light on Histidine
Metabolism
Wax epilated guinea pigs were irradiated on
one side of the back for 10 minutes at 30 inches
(2 MED) with a hot quartz mercury arc lamp"
[total output: 16.72 X 10 ergs/(sec X cm2)].
Animals were sacrificed at 24, 48 and 72 hours.
Epidermis was separated from two biopsies (1.9
cm in diameter) from control and treated sides by
heating the skin at 50° C for one minute, and
rICA content determined as described previously.
In addition epidermis was isolated by stretching
and scraping 7.5 X 2 cm areas of skin from ex-
posed and unexposed sides of the animal (11). The
tissue was homogenized in .02 M phosphate buffer
at pH 7.4 and a 100,000 X g supernatant obtained
by differential centrifugation. Histidase and uro-
canase activities were measured as described above.
,Sunscreening Pro perties of UCA
Known quantities of a 1% aqueous solution of
UCA were applied to 4 cm2 of cutaneous surface
of the back of two human volunteers. Distilled
water, 1% PABA and 1% dextrose were similarly
applied as controls. One subject was exposed to
solar radiation on the top of a twelve story build-
ing on a bright sunny day in the month of July
one hour later, and the other to varying doses of
ultraviolet radiation emitted by a hot quartz
mercury arc lamp at 30 inches. Twenty-four hours
after exposure the erythemal responses were eval-
uated visually on an arbitrary scale (15). The
degree of redness was also estimated by a Photo-
volt photoelectric reflectance meter (15), using
a green tristimulus filter whose minimum trans-
mittance was between 545—550 m (i.e., in the
absorption range of hemoglobin). The readings
are expressed as percent reflectance difference be-
tween unirradiated and irradiated sites referred
to a magnesium oxide standard.
Two adult male volunteers were given histidine
orally, one received 100 gm over 4 days and the
other 200 gm over 10 days. The erythemal re-
sponse to ultraviolet energy emitted by a hot
quartz mercury arc lamp was obtained prior to
and after oral administration of histidine. Similar
testing was done following the intradermal in-jection of UCA.
In Vivo and In Vitro Isomerization of UCA
The trans-cis isomerization was studied in vitro
by irradiating an ice cooled .1% aqueous solution
of trans UCA at 6 inches using a General Electric
Sun Lamp, [total output: 1 x 106 ergs/(cm2 x
see)] with constant stirring. The two isomers were
identified by determining the coupling constants
of various olefinic protons and their amount by
the changes in the amplitude of the signal on the
nuclear magnetic resonance spectra (16). The in
vivo experiments were done by irradiating half
the back of wax epilated guinea pigs with a hot
quartz mercury arc lamp* for varying times at 30
inches. Two biopsy specimens (1.9 em in diameter)
were obtained from control and treated areas and
* Engelhard Hanovia Inc., Newark, N. J.
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the epidermis isolated by heating the skin at 500 C
for 1 minute. UCA was isolated on Dowex-1
formate columns and assayed as described above.
Two isomers of UCA were separated by ascending
paper chromatography in n-propanol, ammonia
and water (60:30:10, v/v/v) (17). The spots
corresponding to the various isomers were eluted
with distilled water and the O.D. of the eluates
read at 267 me in a spectrophotometer. The extinc-
tion coefficients for both isomers were essentially
identical and hence the amount of each was
estimated as described earlier.
RESULTS
The histidase activity of guinea pig epidermis
was 600 units/gm of wet tissue. Comparable re-
TABLE I
Comparison of histidine degradation and
its incorporation into protein by
guinea pig epidermis
Time
(minutes)
UCA
(total cpm)
% Histidine
converted to
UCA
Protein
(total cpm)
%
Histidine
in protein
60
120
300,000
497,760
7.5%
12.4%
26,400
80,000
.6%
2.0%
TABLE II
Effect of dialysis and passage through a column on
histidase and urocanase activities in
the epidermal extract
Units/gm of
fresh tissue
His- Uro-
tidase canase
Epidermal extract
Epidermal extract dialyzed
Epidermal extract passed through a
sephadex-25 column
600
600
500
0
0
0
TABLE III
Effect of the epidermal extract on liver and
bacterial urocanase
Guinea pig liver urocanase 100
Guinea pig liver urocanase + epi- 100
dermal extract
Pseudomonas fluorescens urocanase 100
Pseudomonas fluorescens urocanase 100
+ epidermal extract
INCUBATED CONTROL
TI [II
Fici. 1. The localization of radioactivity follow-
ing the incubation of skin slices with C14-urocanic
acid.
suits were found in hairless mouse and human
epidermis. Approximately 12% of a tracer dose
of C'4-histidine was converted to UCA during
a 2 hour incubation with guinea pig epidermis
(Table I). It was also found that 6 to 12 times
as much histidine was degraded to UCA as
synthesized into protein (Table I). These ob-
servations have been confirmed repeatedly.
No urocanase activity was detected in guinea
pig, hairless mouse or human epidermis. As
shown in Table II, dialysis and passage through
a Sephadex-25 column had no effect. Further-
more, extracts from epidermis had no inhibitory
effect on an enzyme preparation from guinea
pig liver or Pseudomonas fluorescens (Table
III). Uniformly labelled UCA incubated with
guinea pig skin slices was completely recovered
from the reaction mixture and chromatography
__________ of extracts of the epidermis showed no degrada-
Units/mi tion products (Fig. 1). In addition no C1402
evolution could be detected.
The UCA content, histidase and urocanase
enzyme activities at different intervals follow-
ing irradiation of guinea pig skin for 10 minutes
is shown in Table IV. The increase in UCA con-
tent and histidase activity is associated with
_________ thickening of the epidermis. There was no in-
4
8.5
250
5
0
0
2
2
3
7
240
a:
4
0
0
3
2
—
— —0rgin
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duction of urocanase activity at any time follow-
ing ultraviolet light irradiation.
The effectiveness of UCA as a sunscreen is
shown in Table V. In subject 1 who was ex-
posed to solar radiation from 20 minutes (1
MED) to 60 minutes (3 MED) the sunburn
response in the UCA treated area was nearly
half the control. UCA was not, however, as
effective a sunscreening agent as PABA (mole
for mole). In subject II the sunscreening prop-
erties of UCA is also clearly seen. Attempting to
increase the tolerance to ultraviolet light by
consuming a high dose of histidine orally was
TABLE IV
Effect of ultraviolet light on hislidine metabolism in
guinea pig epidermis
Time after UV exposure
24 hrs. 48 hrs. 72 hrs
Urocanie acid (pg/
gm fresh tissue)
Histidase (units/gm
fresh tissue)
Urocanase (units/
gm fresh tissue)
1000
20%
600
25%
0
1000
20%
900
25%
0
1250
20%
1000
25%
0
TABLE V
Sunscreening effect of urocanic acid. % 1? is the
percent reflectance difference between control Un-
irradiated and ultraviolet light irradiated skin.
V.1?. is the visible intensity of erythema.
Subject I
Sun exposure
(minutes)
20
40
60
Water
(20 mg/4
sq cm)
%R yR.
2 0
9 2+
14 3+
Dextrose
(200 g/4
sq cm)
%R V.R.
1 06 +
13 4+
UCA
(200 ig/4
sq cm)
%R yR.
1 0
3 07 +
PABA
(200 g/4
sq cm)
%R yR.
0 0
0 0
3
Subject II
U.V.
exposure
(minutes)
1
2
3
Water
(20 mg/4 sq cm)
% R V.R.
10 1+14 2+
14 3+
UCA
(100 jLg/4 sq cm)
% R yR.
9
11 1+
13 2+
UCA
(200 zg/4 sq cm)
% R yR.
5 0
8
9 1+
TABLE VI
The eryihemal response of the skin to ultraviolet
irradiation following the ingestion
of 1-histidine
Exposure time (seconds)
30 60 90 120
Subject A
Control
After 100 gm. histidine
Subject B
Control
After 200 gm. histidine
1+
1+
0
0
2+
2+
1+
1+
3+
3+
2+
2+
4+
4+
3+
3+
MINUTES
Pie. 2. Ultraviolet light induced isomerization
of urocanic acid in vivo in guinea pig skin.
MINUTES
Foe. 3. Ultraviolet light induced isomerization
of urocanic acid in vitro.
unsuccessful (Table VI), as was the intradermal
injection of UCA.
The relationship of the dose of ultraviolet
light and the trans to cis isomerization of UCA
40
30
11
20
o,II'Io
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in vivo and in vitro is shown in Figures 2 and 3.
The total UCA content was not decreased until
the skin was exposed to ultraviolet radiation
equivalent to 6 to 9 MED (Table VII). These
observations have been confirmed repeatedly.
DISCUSSION
Previous studies (18—23) have established
that the major pathway of histidine metabolism
in animals and bacteria other than incorporation
into proteins or decarboxylation to histamine
involves first deamination to UCA, then the
anaerobic addition of water to form an inter-
mediate most closely identified as 4 (5) -imida-
zolone-5 (4)-propionic acid. The sequence of
reactions for further enzymatic conversion of
imidazolone propionic acid to formiminoglutamic
acid and its non-enzymatic conversion to
formylisoglutamine are shown in Figure 4.
The rapid deamination of histidine to UCA by
histidase reveals the presence of a very active
metabolic pathway for the deamination of this
amino acid in mammalian epidermis. However,
further degradation of UCA could not be ob-
served under various conditions. Similar obser-
vations have been made on stratum corneum by
other investigators (24, 25). This appears pri-
marily due to the lack of this enzyme in mam-
malian epidermis. It was thought that urocanase
of mammalian skin might possibly be in the
inhibited state and hence would not show any
degradation of either the endogenously present
or exogenously provided IJCA. The data pres-
ented, however, suggest that the urocanase is
not in the inhibited state but is essentially
absent in epidermis. The lack of this enzyme ex-
plains why mammalian epidermis is so rich in
UCA.
As in bacteria (26), a possible role of UCA
TABLE VII
Effect of ultraviolet light irradiation on the urocanic
acid content of guinea pig epidermis
Exposure time
(minutes)
Control
g of UCA per cm2
Irradiated
of UCA per cm2
1 23 26
5 26 28
10 23 20
20 23 21
30 20 15
45 21 14
90 21 13
H
HNCN
I ICOOH—CH=CH —CCH
UROCANIC ACID
tI /120Urocanase
H
HNCN
COOH—CH2—CFt2-—- C—C0
IMIDAZOLONE PROPIONIC ACID
/120
Imidazalone prop/on,
acid hy dro/a/ enzymu,ic
COOHH HHI
NC—N—CH
CH2
CH2
COOH
L-FORMIMINOGLUTAMIC ACID
Fxa. 4. The metabolism
urocanic acid.
CONH2HHI
0C—N-CH
CH2
CH2
COOH
in the epidermis could be to act as a one carbon
pool for the synthesis of purines via "Active
Formate" during periods of rapid cellular hyper-
plasia. Stimulation of ccli turnover by ultra-
violet light leading to increased synthesis of
nucleic acids, however, did not result in the
utilization of UCA or the induction of urocanase
activity. Instead, there was an increase in T.JCA
content and histidase activity secondary to the
increased thickness of the epidermis.
Zenisek (4) had suggested that UCA might
act as one of the natural sunscreens in the skin.
Although there is an elevated content of this
acid following exposure to ultraviolet light sec-
ondary to epidermal thickening, attempts to
increase the TJCA content of the epidermis and
the tolerance to light by feeding histidine or in-
jecting urocanic acid intradermally were un-
successful. The topical application of UCA in
amounts comparable to that normally present in
H
HNCII
COOH—CHNH2--CH2-- CH
HI STIDINE
H/sf/dose
FORMYLISOGLUTAM INE
of histidine through
16 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
skin (50 /Lg/cm'), did reveal a decreased sun-
burn response. There was a distinct elevation
in the minimal erythema dose, indicating that
the compound has the capacity to act as a sun-
screen. An increase in the transmission of
ultraviolet light of 10—15% by epidermis from
which UCA has been extracted is indicative of
the role of the endogenously present material
(27).
The mechanism for this protection afforded by
[JCA has been elaborated by our studies. Anglin
et al (28) had previously reported that irradia-
tion of skin with ultraviolet light produces a
trans to cis isomerization of UCA, and Baden,
Pathak and Butler (15) confirmed this with
nuclear magnetic resonance technics. The reac-
tion occurs most effectively with ultraviolet
radiation (1 <320 m) and at energy levels ca-
pable of producing erythema. We believe that
this trans-eis isomerization induced by light rep-
resents a physiological mechanism for absorption
and dissipation of solar radiation. The total
amount of UCA is not decreased until irradia-
tion is carried out for prolonged periods. Anglin
et al (28) had indicated that following irradia-
tion the amount of cis isomer increases over that
of trans, suggesting that the trans isomer is
progressively consumed. Others have shown (17)
as wq have that the reaction reaches an equilib-
rium with a ratio of the isomers of one. Even
with doses of ultraviolet light high enough to
produce a decrease in the total amount of UCA
(6 to 9 MED), the ratio remains the same.
The trans to cia isomerization is an effective
mechanism for the utilization of energy in part
because the extinction coefficient of the cis
isomer is similar to the trans. In other situations
where ultraviolet light produces a trans to cis
isomerization (e.g., cinnamic acid) the cis isomer
has a very low extinction coefficient compared
to the trans (16). It appears that in addition
to the thickness of the stratum corneum and the
melanin content of the epidermis, the normal
and abnormal responses of an individual to solar
radiation would be also governed by the relative
amounts of UCA in skin.
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